Background: Oral submucous fibrosis (OSF) is a chronic oral mucosal disease characterized by progressive deposition of collagen in the subepithelial connective tissue and epithelial atrophy. Previous studies have shown that at 330-nm excitation, the 380-and 460-nm emission peaks of the auto-fluorescence spectra for oral mucosal tissues reflect the collagen content in the subepithelial connective tissue and the nicotinamide adenine dinucleotide phosphate (NADH) content in the epithelial cells, respectively. Therefore, at 330-nm excitation OSF mucosa may have a higher 380-nm emission peak and a lower 460-nm emission peak than the normal oral mucosa (NOM). Methods: To test the above hypothesis, we measured the in vivo auto-fluorescence spectra of 59 OSF mucosal sites and compared the measured spectra with auto-fluorescence spectra obtained from 15 NOM samples from 15 healthy volunteers, five samples of friction hyperkeratosis (histologic diagnosis, hyperkeratosis and acanthosis) on OSF buccal mucosa (FHOSF), and 29 samples of oral leukoplakia (histologic diagnosis, hyperkeratosis and acanthosis) on OSF buccal mucosa (OLOSF). Results: We found that the spectrum of the OSF mucosa had a significantly higher 380-nm emission peak and a significantly lower 460-nm emission peak than the spectra of NOM, FHOSF, and OLOSF samples. When the mean (AESD) fluorescence intensities at 380 AE 15 nm (I 380 AE 15 nm ) and 460 AE 15 nm (I 460 AE 15 nm ) emission peaks and the mean ratio of I 460 AE 15 nm /I 380 AE 15 nm were compared between groups, we found that OSF group had a significantly higher mean value of I 380 AE 15 nm , a significantly lower mean value of I 460 AE 15 nm , and a significantly lower mean ratio of I 460 AE 15 nm /I 380 AE 15 nm than the NOM, FHOSF, and OLOSF groups (P < 0.001). However, no significant differences in the mean values of I 380 AE 15 nm , I 460 AE 15 nm , and ratio of I 460 AE 15 nm / I 380 AE 15 nm were found between NOM and FHOSF or OLOSF samples as well as between FHOSF and OLOSF samples (P > 0.05). Conclusion: Because OSF mucosa has a very unique pattern of auto-fluorescence spectrum, we conclude that auto-fluorescence spectroscopy is a good method for real-time diagnosis of OSF.
collagen in the lamina propria and submucosa of the oral mucosa.
Epidemiologic studies have shown the intimate relationship between the areca quid (AQ) chewing habit and OSF (1) (2) (3) .
Our recent studies have also demonstrated that all the OSF patients in Taiwan have the AQ chewing habit (4) (5) (6) . The areca nut alkaloids can stimulate the fibroblast proliferation and collagen synthesis (7) . Cytokines and growth factors produced by inflammatory cells within the OSF tissues may promote fibrosis by inducing proliferation of fibroblasts, upregulating collagen synthesis, and downregulating collagenase production (8) . The areca nut polyphenols, (þ)-catechin and tannins, can stabilize the collagen structure (9, 10) . OSF fibroblasts have been shown to produce the collagen with more stable structure such as collagen type I trimer (11) and secrete more lysyl oxidase, which causes an increase in collagen cross-linkages (12, 13) . In addition, OSF fibroblasts secrete less amount of collagenase (14) and have less collagen phagocytosis activity than normal oral mucosal fibroblasts (15) .
In Taiwan, there are two million people who have AQ chewing habit (16) . The prevalence of OSF in AQ chewers in Taiwan has not been studied. However, an OSF incidence of 0.1-3.4% has been reported (17) (18) (19) (20) (21) . In China, the prevalence of OSF is about 3% in a group of AQ chewers in Xiangtan City, Hunan Province (21) . By a more conservative estimation of an OSF prevalence of 1%, there may be about 20 000 OSF patients in Taiwan. Although OSF can be diagnosed clinically, sometimes it may need a biopsy to confirm the clinical diagnosis.
Therefore, it will be very convenient for the clinicians if there is a diagnostic technique that can make a real-time diagnosis of OSF without necessity of doing an incisional biopsy. Autofluorescence spectroscopy seems to have high potential to perform this function.
Auto-fluorescence spectroscopy has been shown to be a promising technique for distinguishing neoplastic from normal tissues in a variety of organs, including lung (22) , breast (22) , bronchus (23) , cervix (24, 25) , colon (26) (27) (28) , urinary bladder (29) , and head and neck (30) (31) (32) (33) (34) (35) . The principle of auto-fluorescence spectroscopy is based on the fact that, compared to normal tissues, different diseased tissues contain different morphohistologic characteristics and intrinsic fluorophores that give rise to different fluorescence emission spectra when the tissues are excited at a suitable wavelength (36, 37) . Gillenwater et al. (33) showed that a diagnostic algorithm based on spectra at 337-nm excitation could discriminate normal from dysplastic and malignant oral mucosa with a sensitivity of 88% and a specificity of 100%.
Ingrams et al. (34) found that a diagnostic statistical algorithm based on the fluorescence measurements with 410-nm excitation light could differentiate histologically normal from dysplastic and cancerous oral tissues with the sensitivity, specificity, and overall accuracy being 90, 91, and 91%, respectively. Our previous ex vivo study demonstrated that at 330-nm excitation the spectra of human oral cancers had a lower 380-nm emission peak and a higher 460-nm emission peak than those of normal oral mucosa (NOM) samples (35) . By use of 7, 12-dimethylbenz[a]anthracene (DMBA)-induced hamster buccal pouch carcinogenesis model, we also showed that at 330-nm excitation the intensity of the 380-nm emission peak gradually decreased, while the intensity of the 460-nm emission peak gradually increased as the normal buccal pouch tissues transformed into dysplastic and further into cancerous tissues compared with the spectra of normal buccal pouch samples (35) . All these findings indicate that auto-fluorescence spectroscopy can be used to differentiate normal from precancerous and cancerous oral tissues. However, no one has attempted to use auto-fluorescence spectroscopy to diagnose OSF lesions in vivo.
It has been demonstrated that, under the range of 300-360-nm excitation wavelength, the emission band at 380-400 nm is mainly attributed to the presence of collagen, while that at 440-460 nm is mainly due to the presence of nicotinamide adenine dinucleotide phosphate (NADH), as measured in both purified chromophores and tissue extracts (25, 26, 38, 39) . Using We have previously shown that the auto-fluorescence spectroscopy at 330-nm excitation could differentiate oral precancerous or cancerous lesions from NOM (35) . Therefore, in this study 330-nm wavelength was used to excite each sample, and the resulting emission spectra were recorded from 340 to 615 nm in 3-nm increments. During measurement, the probe was gently touched on the surface of normal or lesional buccal mucosal site.
Materials and methods
The spectrum at each site was obtained by averaging three spectra measured from three adjacent sites (2 mm apart) of the same lesion.
To avoid the intensity variations due to different excitation light power and fluorescence collection efficiency, all spectra were normalized by dividing the intensity of each wavelength by the integrated area under the total emission spectrum. After 
Results
In this study, at 330-nm excitation all the fluorescence spectra of NOM, OSF, FHOSF, and OLOSF had two significant emission peaks: one at 380 nm and the other at 460 nm (Fig. 1) . The spectrum of the OSF mucosa had a significantly higher 380-nm emission peak and a significantly lower 460-nm emission peak than the spectra of NOM, FHOSF, and OLOSF samples. However, there was no significant difference in the pattern and intensities of 380-and 460-nm emission peaks between NOM and FHOSF or OLOSF samples as well as between FHOSF and OLOSF samples (Fig. 1 The soft palate, retromolar area, and buccal mucosa were the three sites that were involved by OSF in every case, with extra involvement of labial mucosa in 40 cases (67.8%), of floor of the mouth in 31 cases (52.5%), and of tongue in 33 cases (55.9%). Of 59 OSF cases, the disease involved three sites in 15 cases, four sites in 10 cases, five sites in eight cases, and six sites in 26 cases. Chisquare test revealed that there was a significant correlation between MMO and site of involvement (P < 0.001). However, no significant correlation was found between histologic staging of OSF and MMO or site of involvement (P > 0.05, data not shown).
When OSF patients were divided into different subgroups according to the age, MMO, site of involvement, and histologic staging of OSF, there were no significant differences in the mean Table 3 ).
Discussion
In this study, we showed that at 330-nm excitation the spectra of OSF mucosal samples have a significantly higher 380-nm emission peak and a significantly lower 460-nm emission peak than the spectra of NOM, FHOSF, and OLOSF samples. In addition, OSF mucosal samples had a significantly higher mean value of I 380 AE 15 nm , a significantly lower mean value of I 460 AE 15 nm , and a significantly lower mean ratio of I 460 AE 15 nm /I 380 AE 15 nm than the NOM, FHOSF, and OLOSF samples (P < 0.001). Our previous study also found that at 330-nm excitation oral cancer tissues have a significantly lower 380-nm emission peak and a significantly higher 460-nm emission peak than the NOM tissues (35) . These findings indicate that OSF mucosa has a very unique pattern of auto-fluorescence spectrum that can be used for in vivo real-time diagnosis of OSF. However, this study showed no significant difference in the pattern and peak intensity of the spectrum between moderately advanced and advanced OSF. This suggests that although auto-fluorescence spectroscopy can detect increased amount of collagen in the subepithelial connective tissue, it is not sensitive enough to differentiate the histologic changes between the moderately advanced and advanced OSF.
Although the pathogenesis of OSF is still unclear, previous studies have suggested that the occurrence of OSF may be due to increased production of collagen and decreased degradation of collagen in the subepithelial connective tissue of the oral mucosa (7) (8) (9) (10) (11) (12) (13) (14) (15) . Areca nut alkaloid as well as cytokines and growth factors secreted by the mononuclear inflammatory cells in the OSF mucosa can stimulate fibroblast proliferation and upregulate collagen synthesis (7, 8) . Areca nut polyphenols and lysyl oxidase produced by the OSF fibroblasts can stabilize the collagen structures that become resistant to degradation by collagenase (9, 10, 12, 13) . In addition, the more stable collagen type I trimer produced by OSF fibroblasts is also resistant to degradation by collagenase (11) . All of these factors contributed to the deposition of excessive amount of collagen in the subepithelial connective tissue of the OSF mucosa. Previous studies have shown that at 330-nm excitation, the 380-and 460-nm emission peaks of the auto-fluorescence spectra for oral mucosal tissues reflect the collagen content in the subepithelial connective tissue and the NADH content in the epithelial cells, respectively (25, 26, 35, 38, 39) . Therefore, the increased collagen content in subepithelial connective tissue could explain why OSF mucosa had a significantly higher intensity of the 380-nm emission peak of the autofluorescence spectra than the NOM samples. Furthermore, compared to normal oral epithelium the markedly atrophic OSF epithelium allowed more excitation energy to penetrate into the subepithelial connective tissue and more collagen-derived emission fluorescence to go through. This factor also gave some contribution to the high intensity of the 380-nm emission peak of the auto-fluorescence spectra of OSF samples. In addition, the markedly atrophic OSF epithelium might contain less amount of NADH than the normal oral epithelium. The fibrosis-induced reduction of blood vessels in the lamina propria might also diminish the metabolic rate of oral epithelial cells, which in turn resulted in a lower NADH content in the OSF epithelium. Therefore, OSF mucosa had a significantly lower intensity of the 460-nm emission peak than the NOM samples.
In this study, no significant differences in the pattern and inten- To the best of our knowledge, this paper was the first report describing the characteristic auto-fluorescence spectral pattern of OSF lesions. We found that at 330-nm excitation the spectrum of the OSF mucosa had a significantly higher 380-nm emission peak and a significantly lower 460-nm emission peak than the spectra of NOM, FHOSF, and OLOSF samples. Furthermore, OSF samples had a significantly higher mean value of I 380 AE 15 nm , a significantly lower mean value of I 460 AE 15 nm , and a significantly lower mean ratio of I 460 AE 15 nm /I 380 AE 15 nm than the NOM, FHOSF, and OLOSF samples (P < 0.001). Because OSF mucosa has a very unique pattern of auto-fluorescence spectrum, we conclude that auto-fluorescence spectroscopy is a good method for real-time diagnosis of OSF.
